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Summary The finding of hemidiaphragm elevation on a chest radiograph, in absence
of an ipsilateral lung disease, is assumed to indicate severe hemidiaphragm
dysfunction. To test this hypothesis we retrospectively reviewed chest radiograph
findings and corresponding twitch transdiaphragmatic pressure (TWPDI) results from
42 (17 female, age range 22–79 years) consecutive patients who underwent phrenic
nerve stimulation studies. Chest radiographs were independently reviewed in a blind
manner by two radiologists. The interobserver agreement was moderate, the kappa
value ranging from 0.48 (left hemidiaphragm) to 0.59 (lung parenchyma).
Hemidiaphragm dysfunction was diagnosed if TWPDI of corresponding hemidiaphragm
was less than 3.5 cm H2O. The prevalence of patients with an elevated unilateral
hemidiaphragm on chest radiograph was 64% and of patients with unilateral paralysis
judged by TWPDI was 24%. Sensitivity, specificity, positive and negative predictive
values for chest radiograph, as a diagnostic test for unilateral diaphragm dysfunction
were 0.90, 0.44, 0.33 and 0.93, respectively. We conclude that the isolated
elevation of hemidiaphragm on chest radiograph is of little value in the diagnosis of
unilateral hemidiaphragm paralysis, though the condition is unlikely if diaphragm
elevation is absent.
& 2004 Elsevier Ltd. All rights reserved.
Introduction
The finding of a unilateral elevation of the
hemidiaphragm on a chest radiograph, in absence
of an ipsilateral decrease in lung size, i.e. lobar
collapse, surgical resection or fibrosis, is assumed
to indicate severe dysfunction or paralysis of the
hemidiaphragm.1–3 Classical radiologic features of
unilateral hemidiaphragm paralysis are considered
present when the elevated hemidiaphragm shows
an accentuated dome configuration in posteroan-
terior and lateral projections with the costophrenic
and costovertebral angles tending to be deepened,
narrowed and sharpened.1
Paralysis of a hemidiaphragm results from inter-
ruption of transmission of the phrenic nerve and
can be due to infectious, iatrogenic or malignant
causes, although the most common is paralysis of
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unknown aetiology.1 Definitive diagnosis of phrenic
nerve dysfunction can be obtained by the phrenic
nerve electric stimulation combined with the
measurement and twitch transdiaphragmatic pres-
sure (TWPDI).
4,5 Recently the electrical stimulation
technique has been successfully substituted by
magnetic stimulation of the phrenic nerve stimula-
tion, which avoids the use of inaccurate surface
electrodes or painful needle electrodes.6,7
Early studies investigated the value of the chest
radiograph, as a screening test of unilateral
hemidiaphragm paralysis,8–10 however up to now
no study has related chest radiograph findings to
diaphragm function as judged by phrenic nerve
stimulation. Therefore to test the sensitivity,
specificity, and predictive values for chest radio-
graph to diagnose severe hemidiaphragm dysfunc-
tion, defined by TWPDI, we reviewed the data from
consecutive patients who had undergone in our
laboratory full respiratory muscle assessment over
a 4-year period.
Methods
Subjects
We retrospectively reviewed the data from 112
consecutive patients who underwent full respira-
tory muscle assessment from January 1999 to
December 2002. The respiratory muscle studies
and chest radiographs had been undertaken for
clinical reasons at the request of the patient’s
clinician and approval to report these data has
been given by the chair of our ethical review board.
Patients were only included if: (1) they had no
other cause for hemi-diaphragm elevation, such as
fibrosis, lobar collapse or surgical resection; and
either (a) they had unequivocal evidence of
unilateral severe diaphragm weakness, assessed
by TWPDI; or (b) they were studied because of the
finding of elevated hemidiaphragm on chest radio-
graph. We excluded all patients, whose hemidiaph-
ragms were non interpretable on chest X-rays
because of the presence of scoliosis or pleural
effusion or parenchimal lung disease. The patients
were in a clinically stable condition and chest
radiograph and respiratory muscle study were
performed within two weeks.
Chest radiograph assessment
Chest radiographs (posteroanterior and lateral
projections) were obtained with the patient’s
upright, holding their breath at full inspiration.
Two radiologists independently reviewed the chest
radiographs and reported whether the hemidiaph-
ragm elevation was present or absent as well as
whether lung parenchyma was normal or not. The
radiologists were blinded to both the clinical
details of the patient and the function of phrenic
nerve and diaphragm. Only reports in agreement
between the radiologists were analyzed.
Pulmonary function tests and pressure
measurements
Lung volumes and spirometry were measured
according to the standard guidelines11 and ex-
pressed as percentages of the predicted values.12
Maximal static inspiratory (PIMAX) and expiratory
(PEMAX) pressures were measured from residual
volume and total lung capacity,13 respectively, and
the highest recorded pressures maintained for 1 s
were used for analysis and expressed as percent of
predicted.14
After insertion of oesophageal and gastric bal-
loon catheters, oesophageal pressure (PES), gastric
pressure (PGAS), and transdiaphragmatic pressure
(PDI) were measured in cm H2O with differential
pressure transducers (Validyne, Northridge, CA)
and amplified before passing the data to a
computer (Apple Computers, Cupertino, CA). Data
acquisition and analysis were performed with Lab-
view 4.1 (National Intruments, Austin, TX).
Hemidiaphragm dysfunction was diagnosed by
magnetic phrenic nerve stimulation as previously
described.7,15 Briefly, a Magstim 200 (high power)
magnetic stimulator was used to power the
magnetic coils (Magstim Co., Whitland, Dyfed,
UK). Unilateral stimulation was applied with the
subjects breathholding at resting end expiration
against a closed airway. The phrenic nerve was
stimulated at the posterior border of the sterno-
cleiodomastoid muscle at the level of the cricoid
cartilage. Supramaximal stimulation, manifested
by a levelling off of TWPDI with increasing stimulus
intensities, was achieved in all subjects. Unilateral
diaphragm dysfunction was diagnosed if right or
left TWPDI was less than 3.5 cm H2O. This cut-off
level was arbitrarily chosen because cardiac con-
traction may cause intrathoracic pressure fluctua-
tions of up to 2 cm H2O.
Statistical analysis
Values are presented as mean7standard deviation
(SD), unless otherwise specified. The agreement
between radiologists and between diagnostic tests
was evaluated using kappa agreement test for
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dichotomic variables; so that a kappa value of 1
indicates complete agreement while as a kappa
value of 0 indicates disagreement.16 Standard
methods were used to calculate sensitivity, speci-
ficity, and predictive values for chest radiographs,
as a diagnostic test.17 The receiver operating
characteristic (ROC) curve method18 was used to
evaluate the screening cut-off for TWPDI with
respect to sensitivity and specificity of chest
radiograph.
Results
In the overall patient population, a moderate
interobserver agreement was found in the chest
radiograph reading (Table 1). In 21 out of 112
patients, hemidiaphragms were judged as non-
interpretable on chest radiograph. In addition, 49
patients did not meet inclusion criteria, in parti-
cular 13 patients had bilateral elevation of hemi-
diaphragms, 4 had bilateral diaphragm paralysis
judged by phrenic nerve stimulation, 11 had
unilateral elevation of the hemidiaphragm along
with an ipsilateral lung disease, and 21 had
inconsistent reports by the two radiologists. Thus
42 patients (17 female, age range 22–79 years)
remained for further analysis.
The 42 remained patients had a variety of clinical
problems and according to their primary clinical
diagnosis, were divided in four groups: elevated
hemidiaphragm with no other symptoms (n¼ 24),
neuromuscular disorders (n¼ 5), unexplained dys-
pnoea (n¼ 7), and other (n¼ 6) (Table 2).
Fourteen patients had an elevated position of
right hemidiaphragm on chest radiograph, 13 had
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Table 1 Interobserver agreement in chest radio-
graph interpretation.
No. Chest radiograph
findings
Percent of
agreement (%)
k value
112 Lung parenchima 0.59
Normal 83
Abnormal 77
91 Right
hemidiaphragm
0.53
Normal 90
Elevated 63
91 Left
hemidiaphragm
0.48
Normal 84
Elevated 64 Ta
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an elevated position of left hemidiaphragm, and 15
patients had normal position of both hemidiaph-
ragms; the prevalence of patients with an elevated
unilateral hemidiaphragm on chest radiograph was
64%. Considering the 27 elevated hemidiaphragms,
the mean value (range) of ipsilateral TWPDI was
5.6 cm H2O (0–19.4 cm H2O) for the right hemi-
diaphragm and 4.2 cm H2O (0–21 cm H2O), for the
left hemidiaphragm.
Thirteen patients had hemidiaphragm dysfunc-
tion, (seven right-sided and six left-sided) and 29
patients had no evidence of diaphragmatic dysfunc-
tion; the prevalence of patients with unilateral
hemidiaphragm dysfunction paralysis judged by
TWPDI was 24%.
When we related the chest radiograph findings to
TWPDI results, we found that the chest radiograph
had a false-negative and false-positive rate of 10%
and 56%, respectively. Moreover, sensitivity, speci-
ficity, positive and negative predictive values for
chest radiograph as diagnostic test were respec-
tively 0.90, 0.44, 0.33, and 0.93. In addition, we
found fair agreement between the two diagnostic
tools by kappa statistics (Table 3).
Finally because of concern we failed to demon-
strate a value for chest radiography because our
threshold TWPDI of 3.5 cm H2O had been incorrectly
chosen we constructed a ROC curve to assess
different threshold values of TWPDI with respect to
hemidiaphragm elevation on plain chest radiograph
(Fig. 1). The area under the ROC curve was 0.76 and
changing the threshold value for TWPDI did not
significantly improve the value of the test.
Discussion
In this study, we found that the finding of an
elevated hemidiaphragm on plain chest radiograph
is moderately sensitive, but poorly specific for the
diagnosis of diaphragm dysfunction, at least in
patients referred to a tertiary pulmonary centre,
even when patients with conditions known to cause
volume loss are excluded on the basis of clinical
history and the plain radiograph; the diagnostic
value of the chest radiograph would have been
even worse had we not excluded from our analysis
the 21 of 112 patients (19%) in whom the
radiologists failed to agree.
The usefulness of chest radiograph as a screening
test for unilateral hemidiaphragm paralysis is
widely assumed in clinical practice and it is also
claimed that the diagnosis of hemidiaphragm
paralysis can be radiologically made in most cases,
even though reasonable care is requested.1 How-
ever, early studies reported discordant results on
this topic. Wynn–Williams described 15 cases of
paralysis without any marked rise in level and found
that the right diaphragm is normally 1.3 cm higher
than left, with a range from zero to 2.5 cm.9
Previously, Freedman suggested a wider normal
range of 3.8 cm above Wynn–Williams’.8 Thus,
seven out of Wynn–Williams’ 15 cases fall within
Freedman’s normal range. Moreover, another study
reported that only one out of six cases of malignant
diaphragmatic paralysis showed elevation outside
Freedman’s normal range.10 Recently, a substantial
variability in diaphragm position and shape was also
found in adults with normal pulmonary function
which was related in part to weight, age and
thoracic dimensions.19
To improve the diagnostic sensitivity of chest
radiograph of diaphragm paralysis, the fluoroscopic
or ultrasound screening of the diaphragm during a
maximal sniff is sometimes suggested as a com-
plementary test.1,2 However, sniffing can cause
paradoxical motion of one hemidiaphragm in some
healthy people and patients with unilateral paraly-
sis may use the abdominal muscles to elevate the
diaphragm during expiration; accordingly false-
positive and false-negative results have been
reported.10 Taken together these studies support
the view that there is a potential pitfall in the
radiological assessment of unilateral paralysis, as
the normal height of the hemidiaphragm may
considerably vary and a wide range of normal or
abnormal circumstances in which paradoxical
movement of diaphragm may be present.
In this study, we related the chest X-ray
appearances to the twitch transdiaphragmatic
pressure, which we assume to be the ‘gold
standard’ test of hemidiaphragm function. Direct
proof that this assumption is true is difficult to
acquire in vivo but we have previously demon-
strated that TWPDI varies appropriately in response
to interventions such as fatigue,20 lung volume
change21 and drugs22 which are known to affect
skeletal muscle function and also that TWPDI can
predict respiratory failure in patients with condi-
tions such as Amyotrophic Lateral Sclerosis23 where
diaphragm involvement has been pathologically
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Table 3 TWPDI and chest radiograph agreement in
42 patients.
Hemidiaphragm
function by TWPDI
Percent of
agreement (%)
k value
Normal 93 0.31
Right paralysis 21
Left paralysis 46
42 A. Chetta et al.
recognised. Thus we believe that the use of TWPDI
as a reference standard is justified.
We provide evidence that chest radiographs can
give a considerable number of false positives, but
fewer false negatives when compared to TWPDI
data. Use of the ROC plot demonstrated that to
reduce the number of false positives a cut-off level
of TWPDI49 cm H2O was required, which is consis-
tent with a normal function of a hemidiaphragm.24
However, at this TWPDI value sensitivity was very
low with a great number of false negatives.
We found that the proportions of patients with
negative and positive test results that were
correctly diagnosed were quite different, amount-
ing to 0.93 and 0.33, respectively. The predictive
value of any diagnostic test depends not only on the
test characteristics but also on the prevalence of
the disease within the studied population.17 Thus,
the relatively low prevalence of unilateral paralysis
that we found in our selected population empha-
sizes the negative predictive value of chest radio-
graphs to exclude hemidiaphragm paralysis rather
than its positive predictive value to find an
abnormal patient. Though a normal diaphragm
position on a chest radiograph makes hemidiaph-
ragm paralysis unlikely our results show that the
chest radiograph cannot be considered as an
alternative tool to TWPDI to confirm hemidiaphragm
paralysis.
As far as we know, this is the first study that
evaluated the interobserver agreement to detect
the presence of unilateral elevation of hemidiaph-
ragm on chest radiograph. Interestingly, the agree-
ment was higher to detect parenchymal
abnormalities than the elevation of unilateral
hemidiaphragm. As a whole, the interobserver
agreement was moderate, the kappa value ranging
from 0.48 to 0.59, this finding being in line with
previous reports. A study evaluating the interob-
server variability on the presence of an infiltrate on
the chest radiograph found a kappa value between
0.37 and 0.51.25 A wider interobserver variability
was reported to discriminate normal from abnormal
radiographs26 and to detect lung cancer.27
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Figure 1 ROC curve for TWPDI as screening cutoff for chest radiograph. There is no acceptable cut-off point on the
curve.
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In summary, our study showed that among
patients referred to hospital, hemidiaphragm ele-
vation on plain chest radiograph is an unreliable
test to diagnose hemidiaphragm dysfunction. How-
ever, a normally positioned hemidiaphragm makes
hemidiaphragm dysfunction relatively unlikely.
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